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= Participants and Partners
= Risk Assessment Approach : -
= Major Findings and Coenclusions
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T Prpose
=70 develop anindependent risk assessment f
~HEC-152aand Carbon Dioxide MAC systems

= Provide information for industry and policy. =
makers worldwide
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- = Systems still under development
— Many different design options
— Many different options for mitigation g

= Sparse data on component failure rates

ﬂﬁonservative assumptio _pljedwh@n_;

Signs, were
lacking




~ = [dentify exposure thresholds of con6 -
p———— -
= CED'Modeling (Passenger Exposure)

— Characterize potential release into passenger
compartment and potential efficacy of proposed "
mitigation strategies

— Simple modeling used as initial screen

—EUll'CFD analysis
reepnalysis

— Broadly quantify exposures with potential for injury
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__:.__s..sé_/o limit for sustained exposure (~one hour)

— 6% limit for brief exposure (minutes)

= Human Exposure Data
— Functional impairment (5% for about an hour)

— Dizziness, muscle twitching unconsciousness
(7-10% exposure for a few minutes)

— Unconsciousness / Death (18% for less than 1 minute)

nter for Disease Control

arbon D|0X|de as a Fire Suppressant: Examining the Risks.
WWW.epa.gov/ozone.snap.fire/co2/co2report.pdf
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y in the rana 0 0
-~ = Flammable in the iange of 3. 7% to 20%
— Threshold-of-concern 2% for ‘perfect mixing’ modeling
— 3.5% Is the threshold used for 3D CFD

= Open flames (matches, butane lighters) are credible

Ignition sources Iin passenger compartment

— No credible electrical ignition sources in passenger compartment -
e - ‘i

ible.ignition SOUNCESHOIF propane ana T——
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— Used in “dust-off” products and indicated for use on live circuitry
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= Large Sedan with 6 occupants

= Maximum possible leak from evaporator or
evaporator input line (Theoretical worst-case) -

= \Windows/doors closed

[ltration/exfiltration set using US NREL
datasets
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= |_eak rates are predicted by model
— — Chemical specific properties
— Pressure/temperature of system
— Leak area size /internal geometry of system*

= Full system discharge into plenum
within minutes

ﬂr.ant flow from the high to low side can be co
ystem (size ifi

e size of the orifice tube was selected as the maximum leak size.
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Modelifng Agorozcs

S mple(2D) Modeling
— No Mitigation (Base Case)

— Safety engineered system where refrigerant Is
vented at 3,10, 30 sec. post leak

— Different levels of air infiltration

modeling to providelnsight.into '
B i ——
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=0CUS Oon scenarios where reaching levels of
concern Is not completely answered
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minutes Not linear
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LEAK (g/s)

CO2, A/IC on
Unmitigated: Average 2.1 g/s for 186 sec
10 sec squib valve activation: Average 10.9 g/s for 10.4 sec
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LEAK (g/s)

14

152a, A/IC on

Umitigated: Average 2.9 g/s for 146 sec

10 sec squib valve activation: Average 9.3 g/s for 12.5 sec
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Not linear
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Ootlors for engineerad Mgz or)
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~ = Segmentation or isolation e
. —= Secondary loops
— Evaporator isolation valves (normally closed)

— Close-coupled and hermetic

= Detection and Response -

— Directed release (squib valves)
— Increased passenger compartment air exchange
— System fault indicators (sound and dash lights)

amagement of air exchange

aseline alrexchianoens a designicheIce

— Controls can limit recirculation mix

= Others...
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= Passenger Exposures
~ = CO, exposures estimated at 4300/year

- ma———

— 152a exposure with ignition source present estimated at 50/year

= Total exposures (without ignition source present) estimated at
4300/year

= Technician Exposures

— CO, exposures estimated at 2400/year
DlYers aceount for 40% of total risk )
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% Fault Tree Analysis indicates risk for
both refrigerant systems

= Appropriately trained technicians can
safely work on high pressure and fire
hazards




“ = Proposed charge of CO, or HFC-152a could expose
occupants to unacceptable risk unless mitigated

= Both systems are acceptable if technical solutions limit the -
concentration in the passenger compartment to;safe levels.

= _Technician training and certification Is critical for both. =




Conclusiorns
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~ = Proposed charge of CO, or HFC-152a. ¢

oula
~ expose occupants to unacceptable risk unless
mitigated.
— unacceptable concentrations reached with systems in all...
operating modes.

= CO, and 152a acceptable if engineering solutions
ﬂ#—potenﬂal passenger compartment -t

, T —
W _




—t_LS_FPA -

— Finalize peer reviewed report

— SNAP approval likely - - with safety mitigation devices,
verification of specific design, component and system reliability

Industry

— Component and system reliability specifications/review: UL,
SAE, and other appropriate standards

ommereialize explosion-proof HFC152a recycling machines _‘
(tested & certlfled by UL and others‘)‘ .

Address risks to DIYer in MAC repair —



= California Air Resources Board

= Environment Canada —

= European Commission
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e Earth Technologles Forum
—— Washingten-DC April 2003

= SAE Automotive, Alternative Refrigerant Systems Symposium
Scottsdale Arizona July 2003

= Mobile Air Conditioning Society
Landsdale Pennsylvania August 2003

= [nnovation in Mobile Air Conditioning Workshop
Melbourne Australia September 2003

= Japan Industrial Conference on Ozone Protection
Osaka & Tokyo Japan September 2003

Japan AutomebhileManufacturers (JAMA) Workshop
Tokyo Japan October 2003

VIACS WorIdW|de Conference
Orlando January 2004
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